Abstract -Although the use of crop residues to enhance soil fertility has been suggested over the years, little is known about the nutrient composition of these residues as affected by specific nutrient management strategies. A study was conducted at the Soil Research Institute, Kwadaso, Ghana to examine the chemical properties of maize residues after application of different nutrient sources. The study was a field experiment arranged in a randomized complete block design. The treatments considered were application of poultry manure (PM), poultry manure + chemical fertilizer (PM + CF), chemical fertilizer (CF) and a control. Crop residues under CF application recorded the highest total N, P, K contents of 0.90%, 0.14%, and 1.19%, respectively. There were virtually no observable treatment effects on K, Ca and Mg contents of residues. The highest polyphenol (6.90%) and lignin (17.21%) contents were recorded under CF and PM + CF applications, respectively. The polyphenol: N ratios ranged from 7.7 in CF treated residues to 8.3 in residues on control plots. The study indicated that chemical fertilizer treated residues generally have higher nutrients composition and could have faster decomposition rate because of their lower polyphenol: N ratio than residues from all treated and untreated plots.
I. INTRODUCTION
The role of crop residues in soil fertility maintenance is becoming increasingly important in both organic farming and conventional agriculture. With the current skyrocketing prices of mineral fertilizers, most resource poor farmers would have no other option than to embrace the use of crop residues on their fields. [14] and [5] reported that in agricultural systems in the tropics, there is an increasing interest in using crop residues for improving soil productivity which can reduce the use of external inputs of inorganic fertilizer. These crop residues are in sufficient abundance in farmers' fields at the end of a growing season and play an important role in soil fertility management through their short term effects on nutrient supply and longer term contribution to soil organic matter [10] . However, there is insufficient data on the nutrient composition of these residues following soil amendments. An adequate knowledge of the nutrient composition and other chemical properties of crop residues would not only help to anticipate their contribution to short term release of nutrients but would also go a long way to enhance their better management and discourage their disposal from farms through burning and baling. According to [3] , the use of crop residues has not been adopted by most tropical farmers, partly because they are not adequately informed about the nutrient values of these residues. The objective of this study was therefore, to examine the nutrient value of maize residues under different nutrient managements in a tropical climate.
II. MATERIALS AND METHODS

A. Study Site
The study was conducted at the Soil Research Institute in Kwadaso, Kumasi (06 0 .39' and 06
0
.43' N, and 01 0 .39'and 01 0 .42' W). The area is located in the semi -deciduous forest zone of Ghana and is characterized by a bimodal rainfall distribution. The major rainy season starts from March -July whilst the minor season starts from September -November. Generally, the area receives a mean annual rainfall of 1500 mm with an average monthly temperature range of 24 -28 0 C. The soil is a sandy loam classified as Ferric Acrisol according to [4] equivalent to Typic Haplustult in the [15] soil classification system.
B. Experimental Design/Treatments
The field experiment was carried out in 2006 and 2007 and was laid in a randomized complete block design (RCBD) with three replications. The treatments consisted of poultry manure (PM) at 4 t/ha, chemical fertilizer (CF) at 90 -60 -60 kg/ha NPK 15-15-15, complementary application of PM and CF at 2 t/ha PM + 45 -30 -30 kg/ha NPK 15-15-15 and a control (No NPK, No PM). The treatments effects were tested under continuous maize cropping system. The maize crop (Dorke SR) was an early maturing variety of 90 days. The seeds were sown at 80 cm x 40 cm at 3 seeds/ hill and were thinned to two per hill one week after germination. The amendments (PM, PM + CF, and CF) were applied by side placement to their respective treatment plots two weeks after planting (WAP). However, the control plots did not receive any amendment. At five WAP, plots amended with PM + CF, and CF were 'top dressed' with N.
C. Initial Soil Characterization
To assess the nutrient status of the soil before cropping, soil samples were randomly taken at a depth of 0 -15 cm from the plots within each block and bulked as three composite samples, representative of the block. These were then subjected to analysis after air -drying, crushing and sieving through a 2 mm sieve. Soil pH was determined in a 1:2.5 soil: water suspension using a H1 9017 Microprocessor pH meter. Soil organic carbon and total nitrogen were determined by the Walkley and Black method and Kjeldahl digestion and distillation procedure, respectively. Available phosphorus was determined by the blue ammonium molybdate method with ascorbic acid as the reducing agent using a spectronic 21 D spectrophotometer at a wavelength of 660 nm.
Exchangeable bases (calcium, magnesium, potassium and sodium) in the soil were determined in 1.0 M ammonium acetate extract. Calcium and magnesium were determined by the method of titrimetry whilst the potassium and sodium were determined by the flame photometry procedure.
D. Poultry Manure Characterization
Poultry manure which was applied as an amendment was obtained from Mfum farms, Mim, along the Nkawie road in the Ashanti region of Ghana. Before application, a representative sample was taken, dried in the oven at 40 o C [2] and ground to pass through a 1 mm sieve. Organic carbon, total nitrogen, phosphorus, potassium, calcium, polyphenol and lignin contents were determined and used to assess the quality of the manure.
E. Sampling and Laboratory Analyses of Maize Residues
Leaves were sampled from ten maize plants at harvest. The ten plants were selected at random from the middle rows of each plot. These were dried in the oven at 70 0 C and milled to pass through a 1 mm sieve.
F. Organic Carbon
Organic carbon was determined using the dichromateacid oxidation method. Ten millilitres (10 ml) each of concentrated sulphuric acid, 0.5 N potassium dichromate solution and concentrated orthophosphoric acid were added to 0.05 g of sample in Erlenmeyer flask. The solution was allowed to stand for 30 minutes after addition of distilled water and was back titrated with 0.5 N ferrous sulphate solution with diphenylamine indicator.
The organic carbon content was calculated from the equation:
where N = normality of ferrous sulphate a = ml ferrous sulphate solution required for sample titration b = ml ferrous sulphate solution required for blank titration w = weight of oven-dried sample in gram 3 = equivalent weight of carbon 1.3 = compensation factor allowing for incomplete combustion.
G. Total Nitrogen
Total N was determined by the Kjeldahl method. Twenty grams oven-dried maize residue was ground in a stainless steel hammer mill and passed through a 1 mm sieve. A 0.5 g sample was digested in a 10 ml concentrated sulphuric acid with selenium mixture as catalyst. The resulting clear digest was transferred into a 100 ml conical flask and made to volume with distilled water. A 5 ml aliquot of the sample and a blank were pipetted into the Kjeldahl distillation apparatus separately and 10 ml of 40 % NaOH solution was added followed by distillation. The evolved ammonia gas was trapped in a 25 ml of 2 % boric acid. The distillate was titrated with 0.1 M HCl with bromocresol green-methyl red as indicator [13] .
Calculation:
where a = ml HCl used for sample titration b = ml HCl used for blank titration M = molarity of HCl 1.4 = 14 × 0.001 × 100 % (14 = atomic weight of N) DM = dry matter w = weight of sample f = moisture correcting factor
H. Total P, K, Na, Ca and Mg
In the determination of phosphorus, potassium, sodium, calcium and magnesium, a 0.5 g of the crop residues was ashed in a muffle furnace, after which the ash was dissolved in 1.0 M HCl solution and filtered. The filtrate was diluted to 100 ml with distilled water. For phosphorus determination, a 5 ml aliquot of the filtrate was pipetted into a 25 ml volumetric flask. Five millilitres of ammonium vanadate solution and 2 ml stannous chloride solution were added. The volume was made up to 25 ml with distilled water and allowed to stand for 15 minutes for full colour development. A standard curve was developed concurrently with phosphorus concentrations ranging from 0, 5, 10, 15 to 20 mg P/kg organic material. The absorbance of the sample and standard solutions were read on a spectronic 21D spectrophotometer at a wavelength of 470 nm. The absorbance values of the standard solutions were plotted against their respective concentrations to obtain a standard curve from which phosphorus concentrations of the samples were determined.
Potassium and sodium in the leachate were determined using a Gallenkamp flame analyzer. Standard solutions of potassium and sodium were prepared with concentrations of 0, 20, 40, 60, 80 and 100 mg/litre of solution. The emission values which were read on the flame analyzer were plotted against their respective concentrations to obtain standard curves.
A 10 ml aliquot of the ash solution was pipetted into an Erlenmeyer flask. One millilitre each of potassium cyanide and potassium ferrocyanide solutions was added to complex interfering Cu and Fe. To determine calcium + magnesium concentration, the solution was titrated with 0.01 M EDTA solution in the presence of Eriochrome Black T indicator. In calcium determination, potassium hydroxide solution (5 ml) was added to raise the pH to 12 so as to precipitate magnesium, leaving calcium in solution. The solution was titrated with EDTA using murexide as indicator. The difference between the first and second titres represents magnesium concentration in the solution.
I. Polyphenol
One gram of dried, milled maize residue was weighed into 50 ml separate conical flasks. Ethanol (20 ml) was added to the organic material and heated to a temperature of 60 o C to extract the polyphenol. The extraction was repeated after the alcohol extract was decanted into another flask. After the third extraction, the volume of the extract was made to 50 ml by adding ethanol. Standard solutions of tannic acid (with concentrations of 0, 20, 40, 80 and 100 mg tannic acid per litre) were prepared. The samples and tannic acid standards were subjected to colour development. Absorbance values of the standard and sample solutions were read on a spectronic 21D spectrophotometer at a wavelength of 760 nm. A standard curve was obtained by plotting absorbance values against concentrations of the standard solutions and used to determine sample solution concentrations.
Calculations:
Polyphenol (mg/kg) = graph reading × sample dilution × aliquot dilution where sample dilution = final volume/weight of sample = 50/1 aliquot dilution = 50/1 (1 ml of initial 50 ml extract was put in a 50 ml flask and made to the 50 ml mark with ethanol. i.e. 50/1)
J. Soluble organic Fraction and Lignin 1) Soluble organic fraction (lipids and sugars)
One gram of organic residue was extracted for 1 hour with 20 ml of ethanol: benzene (1:1, v: v) in a sealed pyrex tube at a temperature of 60 o C, cooled and centrifuged. This was repeated twice and the combined extract evaporated slightly and made to 50 ml in a flask. Ten mililitres aliquot was taken for dry weight determination which was taken as lipid fraction [8] . The residue was hydrolyzed at 100 o C (for 1 h) with 25 ml of 1.0 N sulphuric acid in a sealed pyrex tube, cooled and centrifuged. The supernatant solution was saved in another container and the process repeated with two washings of distilled water to remove most of the sulphuric acid from the residue. A 10 ml aliquot was taken for dry weight determination which was considered as the sugar fraction.
2) Lignin
After the alcohol and dilute sulphuric acid extraction, 2 ml of 72 % sulphuric acid was added to the residue and shaken for 4 hours. The solution was transferred into a 100 ml Erlenmeyer flask with 40 ml distilled water, and was filtered after having boiled for 2 hours. Sugar which represents cellulose was determined in the hydrolysate. The residue was washed with water, dried at 60 o C for 48 hours, weighed and then ashed in a muffle furnace. The lignin content of the residue was considered as the loss in weight on ignition.
K. Data analysis
The experimental data was analysed in ANOVA using the [7] statistical package. Treatments means were compared using the Least Significant Difference method at P = 0.05.
III. RESULTS
A. Initial Soil Characterization
The initial physico -chemical properties of the soil before the start of the study in 2006 is shown in Table I . The soil pH ranged from 6.59 -6.89 with a mean of 6.69. It was the least variable soil property with a CV < 3 %. All other chemical properties showed CV > 10 % except exchangeable Na + . Mean soil organic carbon and total nitrogen contents were generally low and varied from 1.08 -1.42 % and 0.06 -0.08 %, respectively. Available phosphorus content varied from 45.21 to 51.11 mg/kg soil. Variability in soil exchangeable bases content increased in the order of Na + < K + < Ca 2+ < Mg 2+. Magnesium was the most variable exchangeable cation (CV = 53.4 %) with a mean value of 0.50 cmol/kg soil. Soil bulk density ranged from 1.50 -1.54 g/cm 3 with a low CV of 3.3 %.
B. Poultry Manure Characterization
The mean nitrogen, phosphorus and potassium contents of the poultry manure applied were 2.73, 0.93 and 1.69 %, respectively (Table II) . The recorded mean C: N ratio was < 20 whilst C: P ratio was < 40. The mean lignin: N and polyphenol: N ratios were 4.8 and 1.2, respectively with coefficients of variation < 6 %. Generally, the recorded chemical properties of the poultry manure gave CV values < 15 %.
C. Chemical Composition of Maize Residues as Affected By Nutrients Application
Nitrogen content of maize residues varied from 0.84 % under no amendment (CTRL) to 0.90 % for the chemical fertilizer (CF) amended plots (Table III a) . Nitrogen concentration of the residues under the amendments was in the decreasing order of CF > PM + CF > PM > CTRL. Phosphorus content was highest in residues under CFamendment (0.14 %) and lowest for the CTRL (0.10 %). Potassium content of residues was similar (P > 0.05) for plots under amendments and the control (Table III a ).
The C: N ratio of maize residues ranged between 54.0 for plots amended with chemical fertilizer to 56.5 for plots under PM amendment. The least C: P ratio was recorded in soils treated with chemical fertilizer whilst the control plots recorded the highest. Plots that received poultry manure amendment produced residues with C: P ratio that differed significantly (P < 0.05) from residues of chemical fertilizer treatment (Table III b) .
IV. DISCUSSION
A. Initial Soil Properties
Analysis of the Asuansi soil series (Ferric Acrisol) collected at the experimental site included mean, minimum and maximum values of the soil parameters ( 1). The recorded low soil organic C and total N contents were by virtue of high temperatures resulting in rapid organic C decomposition coupled with a generally low input of organic material at the study area. Organic matter is closely associated with the nutrient status of soil because it contributes much to the soil CEC [12] . It is also an important source of inorganic nutrients for production in natural and managed ecosystems [6] . The low ECEC recorded in Table I was due to the low organic carbon content of the soil. The recorded mean pH value was near neutral. This was by virtue of the medium exchangeable calcium content of the soil. [1] reported pH of 6.4 on top soils of Asuansi soil series (Ferric Acrisol) in Ghana.
B. Poultry Manure
The mean C: N ratio of 12.9 recorded for poultry manure (Table II) was low (less than 20 according to [11] ). This indicates that the manure used in this study was of high quality. Another parameter indicating quality of organic materials was the C: P ratio. The higher C: P ratio recorded for the maize residues (Table III b) than for the poultry manure suggested that the poultry manure was of higher quality than the maize residues. An organic material of C: P ratio less than 300 is of high quality [16] . 
C. Treatments Effect on Residues Chemical Properties
The highest N and P contents of maize residues recorded under CF treatment (Table 3a) was as a result of the NPK amendment imposed on these plots, which was later followed by a 'top dress' with sulphate of ammonia. The lowest C: P and Polyphenol: N ratios observed in residues under CF treatment suggest that these residues were of higher quality than residues under all other treatments. One would therefore expect faster decomposition of CF residues than residues under PM and PM + CF applications as well as the control if all are applied separately at the same time as amendments. Crop residues under the different treatments and the control however, recorded relatively higher lignin contents (16.40 -17.21%) than values reported in literature. In their study, [8] pointed out that cereal and legume straws and litter from annual crops usually contain less than 10 to 15% of lignin.
V. CONCLUSION
Different amendments application could influence the nutrient composition of maize residues differently. Chemical fertilizer application could generally give higher nutrients composition of maize residues with lower polyphenol: N ratio.
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